Significance of this study
What is already known about this subject?
► Improved treatment adherence and persistence are associated with greater hemoglobin A1C reductions and may therefore reduce diabetes-related complications. ► Patient support programs (PSPs) have shown to improve patient outcomes in real-world settings.
What are the new findings?
► Participation in the COACH PSP increased therapy adherence and persistence over a 12-month period. ► Therapy adherence and persistence increased in both insulin-naïve COACH participants and in COACH participants switching between basal insulins when compared with patients not enrolled in the COACH PSP.
How might these results change the focus of research or clinical practice?
► Robust evidence for improved persistence, adherence without increase in overall healthcare cost as an impact of PSP and consistency of the impact for different treatment groups may help inform clinical practice about the benefit of encouraging patients to leverage resources from PSP and in turn drive better outcome.
AbStrAct
Objective Treatment adherence and persistence are essential to achieving therapeutic goals in diabetes and may be improved by patient support programs (PSPs). The COACH Program was launched in 2015 with the goal of supporting patients with diabetes who are prescribed insulin glargine 300 U/mL (Gla-300). The study objective was to assess the program's impact on persistence and adherence with therapy among patients with type 2 diabetes.
Research design and methods A retrospective 12-month analysis was conducted to compare treatment adherence and persistence in patients treated with Gla-300 who actively participated in the COACH PSP versus those who did not enroll using COACH engagement and claims data for the identification period from February 1, 2016 to July 31, 2016. COACH (n=544) and non-COACH (n=544) participants were matched on selected baseline characteristics.
Results COACH participants were more likely to be adherent to (68.0% vs 61.4%, p= 0.0201; OR: 1.81, p=0.0002) and persistent (48.5% vs 42.1%, p= 0.0309; discontinuation HR: 0.60, p<0.0001) with Gla-300 than non-COACH patients during the 12-month follow-up after controlling for clinical confounders. Additionally, both insulin-naive and basal insulin switcher COACH participants, respectively, were more likely to be adherent (OR: 2.25, p=0.0082 and OR: 1.662, p=0.0364) and persistent (discontinuation HR: 0.53, p=0.0054 and HR: 0.67, p=0.0492) than non-COACH patients. Finally, COACH participants with greater level of engagement showed better persistence. Conclusion These data demonstrate that participation and engagement with COACH PSPs are associated with improved persistence and adherence to Gla-300 among patients with type 2 diabetes.
InTROduCTIOn
As with any disease, achievement of optimal therapeutic outcomes in type 2 diabetes relies on both adherence to and persistence with treatment. The treatment goal for glycemic control in most patients with type 2 diabetes is glycated hemoglobin A1C (A1C) <7.0% (53 mmol/mol). 1 2 Despite advances in therapy, achievement of glycemic targets remains an unmet need in a substantial proportion of patients with type 2 diabetes. 3 4 The inability to achieve or maintain glycemic control is associated with increased risk of diabetes-related complications. 2 Improved treatment adherence and persistence are associated with greater A1C reductions and may therefore reduce diabetes complications. 5 6 In addition, non-adherence to type 2 diabetes medications is associated with increased healthcare costs. 7 Over the past decade or more, and according to the most recent national survey data, approximately 50% of people with diabetes in the USA do not achieve A1C <7.0% (53 mmol/mol), 3 with poor medication adherence as the main driving factor Epidemiology/Health Services Research for the treatment shortfall. 8 Patient support programs (PSPs) can improve persistence with and/or adherence to medications for the treatment of chronic diseases. [9] [10] [11] Furthermore, reports from the Healthcare Effectiveness Data and Information Set show that only about 40% and 30% of patients with diabetes in the commercially insured and Medicaid populations, respectively, achieve A1C <7.0% (53 mmol/mol). 8 The authors indicate that poor medication adherence is among the key drivers behind the discrepancy in rates of glycemic control attainments between randomized controlled trials (RCTs) and realworld settings, and highlight the need for improved patient support and provider support programs to enhance adherence.
Long-acting insulin analogs have demonstrated better persistence results when compared with human insulins, and better continuation rates when compared with other commonly prescribed injectable antidiabetes agents. 12 Insulin glargine 300 U/mL (Gla-300) is a long-acting, second-generation, basal insulin analog that has been available in the USA since February 2015; it is indicated for improvement of glycemic control in adult patients with types 1 and 2 diabetes. 13 Launched in 2015, the COACH Program ([COACH] Sanofi US, Bridgewater, New Jersey) is a PSP that is helping patients with diabetes, and who initiate Gla-300, to follow their treatment plan by delivering tailored disease education, product support, and encouragement for lifestyle changes, with the aim of ultimately improving glycemic control.
Patients received a welcome call from a nurse within a week after they enrolled into COACH PSP to introduce them to COACH and its online and offline components besides copay assistance for eligible patients. All enrollees had access to educational resources and interactive progress-tracking tools online, and received educational emails. In terms of offline offerings, participants also received tailored support via text messages and phone calls after completing the welcome call. This tailored support was provided based on patient-selected preferences. Nevertheless, those who actively participated in the program took the initiative to explore available resources, therefore may benefit from COACH more.
This study evaluated the real-world effectiveness of COACH on persistence with and/or adherence to Gla-300 treatment among patients with type 2 diabetes in the USA.
ReseaRCH desIgn and meTHOds study design This was a retrospective, longitudinal cohort study conducted by deterministically linking data from the COACH Program to the IQVIA Integrated Data Warehouse ([IDW] IQVIA, Fairfax, Virginia) of administrative claims data.= COACH data include patient identification and enrollment information, and information related to the extent of enrollee interaction with the program. Data from COACH were hosted and maintained by a designated third-party vendor. The IDW database contains data from multiple designated health channels in the USA, including hospitals, providers and pharmacies. When patients enrolled in COACH, they provide consent of sharing protected health information and allow their data to be used for research. The sponsor had no access to the patient health information (PHI). For the purpose of this study, both pharmacy and medical claims data were used. A deterministic matching algorithm was used to link patients across the COACH and IDW databases by means of patient first name, last name, date of birth, gender, and zip code; this ensured continuity of patient records across data set types by using actual patient information. Confidential data were managed in a separate database by a third-party vendor according to standard compliance rules.
The patient identification period spanned from February 1, 2016 through July 31, 2016, with the COACH Program enrollment period between March 1, 2016 and June 30, 2016. The first prescription of Gla-300 within the identification period was considered the index date. Eligible patients had a 6-month baseline period prior to the index date and a 12-month follow-up period following the index date. Overall inclusion criteria were ≥1 pharmacy claim for Gla-300; database activity for the duration of the 180 days immediately preceding the 6-month baseline period; pharmacy stability during baseline (defined as consistent reporting of data by the pharmacy associated with the index prescription; ≥80% coverage rate for each month in the 6-month baseline period and the month of the index date); ≥1 diagnosis code for type 2 diabetes (International Classification of Diseases [ICD], Ninth Revision codes 250.x0, 250.x2, or ICD-10 E11. xx); and age ≥18 years on index date. The exclusion criteria were ≥1 pharmacy claim for another basal insulin on or during the 14 days preceding the index date and data quality issues (ie, invalid year of birth, gender, or health plan enrollment dates) (online supplementary figure 2).
Patient cohorts
Patients with type 2 diabetes were stratified into cohorts based on participation in the COACH Program. COACH participants were patients enrolled in COACH between March 1, 2016 and June 30, 2016, and who had any of the following interactions with COACH within 2-3 months of enrollment: (1) completion of a welcome call; (2) participation in product training; (3) logging in to the online portal at least once after registration/enrollment; or (4) a response to ≥1 text message after activation. Non-COACH patients were identified in the IDW database by their initial prescription for Gla-300 during the identification period, but did not enroll in COACH. To address putative selection bias, COACH participants were matched to non-COACH patients at a 1:1 ratio on five demographic and cost variables (eg, age group, gender, geographic region, health plan type, and preindex total healthcare cost category) and on insulin-naive versus basal insulin switcher status. Patients who could not be matched were excluded from the study. Patient cohorts were further categorized into two sets of subcohorts based on preindex medication exposure: patients were categorized as either insulin-naive if they had ≥2 claims for oral antidiabetes drugs or a ≥1 glucagon-like peptide-1 receptor agonist claim, but no claims for insulin prior to Gla-300 initiation, or as basal insulin switchers if they had ≥1 prescription claim for another basal insulin during the baseline period before switching to Gla-300.
COACH participants were further categorized into exploratory subcohorts based on their level of engagement after enrollment in COACH. Patients classified as engaged level 2 met ≥1 of the following criteria: (1) completed a second call, or any of calls 3-6, about dose titration; (2) logged into the online portal ≥4 times after registration; (3) responded to ≥3 text messages after activation; or (4) enrolled in product training and completed any of the following: welcome call, ≥1 online portal log in, or response to ≥1 text message. Engaged level 1 patients were those who could not be classified as engaged level 2. Engagement levels 1 and 2 were matched separately.
Outcomes
Adherence with and persistence to Gla-300 were evaluated at 6 and 12 months postindex date.
14 Adherence was defined as the proportion of days covered (total days supplied on the claim divided by the number of days in refill interval, assuming all medications are consumed as prescribed) using a cut-off of ≥80% to define adherent. 14 15 Persistence was defined as the percentage of patients remaining on Gla-300 therapy without discontinuation. Therapy was considered discontinued if the prescription was not refilled within the expected time of medication coverage, defined as the 90th percentile of the time between the index Gla-300 claim date and the refill date, stratified by the metric quantity supplied, observed during the follow-up period. 5 The number of persistent days was the cumulative number of days a patient was prescribed Gla-300 without discontinuation. All-cause and diabetes-related healthcare resource utilization and direct costs were measured and reported at both 6 and 12 months postindex date.
statistical analyses Data were modeled a priori according to the statistical analysis plan. Matched cohorts were compared using McNemar's test for categorical variables and Wilcoxon signed-rank test for continuous variables for matched cohorts. To adjust for confounders, adherence to Gla-300 was also examined using logistic regression models. Cox proportional hazard model was used to assess the risk of Gla-300 discontinuation. Generalized estimating equation (GEE) models for matched cohorts were run to evaluate differences in total all-cause costs over the postindex period for COACH participants versus non-COACH patients; a GEE with a log-link function and gamma error-term distribution was used.
ResulTs

Baseline patient characteristics
Patients in the COACH and the non-COACH cohorts were generally well matched on baseline demographics and clinical characteristics (table 1). The only statistically significant difference observed between the COACH and non-COACH cohorts was a lower proportion of patients in the COACH participant cohort receiving dipeptidyl peptidase-4 inhibitors in the baseline period (52% vs 76% for COACH vs non-COACH, respectively, p=0.0233). The subcohorts of switcher (n=277/cohort) and naive (n=190/cohort) patients were formed from the matched cohort. On average, patients were 56.5 years of age, 51.7% were men, more than half (60.5) were from the South census region, and the majority (89.5%) had a third-party payer.
descriptive result
In the unadjusted descriptive data set, COACH participants were significantly more adherent to and/ or persistent with Gla-300 treatment compared with matched non-COACH patients overall (adherence 68.0% vs 61.4%, respectively, p=0.0201; and persistence 48.5% vs 42.1%, respectively, p=0.0309) (online supplementary figure 1A) . A higher proportion of COACH participants in the naive subcohort were more adherent and persistent compared with non-COACH patients (adherence 67.4% vs 54.2%, p=0.0049; and persistence 44.2% vs 32.1%, p=0.0183). figure  1) . Finally, the duration of persistence was significantly longer in COACH participants in the engagement level 2 group when compared with the engagement level 1 figure 1 ). These treatment patterns were also observed at 6 months (online supplementary figure 2).
multivariate results
In the multivariate adjusted analysis of the 12-month follow-up data, there was a 1.8 times greater likelihood of adherence to Gla-300 in the COACH participant cohort compared with the non-COACH patient cohort (OR 1.81, p=0.0002) (online supplementary table 1; figure 2). Similarly, there was a 40% lower risk of Gla-300 discontinuation among patients in the COACH participant cohort compared with those in the non-COACH patient cohort (discontinuation HR 0.60, p=0.0001, 95% CI 0.46 to 0.77) (table 2, figure 2B ).
Naive and switcher subcohorts in the COACH participant cohort demonstrated better adherence when compared with non-COACH patients (OR 2.25, p=0.0082 vs OR 1.66, p=0.0364) ( figure 2) . Similarly, the risk of Gla-300 discontinuation was 47% lower for COACH participants than for non-COACH patients in the naïve (HR 0.53, p=0.0054, 95% CI 0.34 to 0.83) and switcher (HR 0.67, p=0.0492, 95% CI 0.45 to 0.99) subcohorts (figure 2B).
The level of engagement in COACH also affected persistence, but not adherence, at the 12-month follow-up. COACH participants with engagement level 2 also had a significantly decreased risk of Gla-300 discontinuation compared with those at engagement level 1 (HR 0.47, p=0.0095, 95% CI 0.28 to 0.81) (figure 2). Patients at engagement level 2 had comparable odds of being adherent when compared with those at engagement level 1 (OR 1.67, p=0.1314) (figure 2).
Healthcare costs
In the multivariate adjusted analysis, the total all-cause healthcare costs during the 12-month follow-up period were not significantly different for patients in the COACH participant cohort compared with those in the non-COACH patient cohort (12-month cost ratio 1.53, p=0.4449).
dIsCussIOn PSPs aimed at improving medication adherence and/ or persistence play a key role in optimizing patient care and maximizing outcomes. Data indicate that real-world A1C goal attainment lags substantially behind that seen in RCTs. 8 In this study, participation in the COACH PSP increased adherence to and/or persistence with Gla-300 treatment among patients with type 2 diabetes. These outcomes are achieved irrespective of whether patients initiate basal insulin therapy with Gla-300 or switch to Gla-300 from another basal insulin therapy.
Our study adds to an already substantial body of supportive evidence which contributes to the inclusion of patient education in current type 2 diabetes management approaches to encourage patient adherence.
2 As a such, diabetes self-management education and support Figure 2 Multivariate analysis of (A) adherence (% adherent) and (B) persistence (risk of discontinuation).
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(DSMES) programs continue to be a key element of diabetes care. 16 The importance of adherence is underlined by its inclusion as a metric in the criteria used to help assess US health plan quality and performance in the Centers for Medicare and Medicaid Services star ratings. 
Overall, in our study, 48.5% of COACH participants were persistent with Gla-300 during the 12-month follow-up period as compared with 42.1% of non-COACH participants. Differences in the definitions of persistence used between studies complicate comparisons with data within the peer-reviewed literature. Data from studies examining 12-month basal insulin treatment persistence in insulin-naive patients in the USA range from 26.5% to 80.1%. [18] [19] [20] Notably, patients enrolled in commercial health plans, who make up the majority of patients in the COACH Program, appear to show lower levels of persistence. 19 Our analysis supports evidence in the literature suggesting that PSPs improve outcomes in a variety of chronic diseases, including diabetes. 21 The evidence suggests that PSPs have a positive impact on a range of critical measures including adherence and persistence, 9 11 clinical and healthcare utilization, patient quality of life 9 and cost outcomes. 10 11 In addition, participation in DSMES programs has been shown to reduce A1C levels, 22 improve treatment adherence, and lead to lower healthcare resource utilization and costs. 23 A number of studies have shown the benefits of methodologically diverse supportive patient education interventions in diabetes care. In the Mobile Diabetes Intervention Study, increased engagement in a web-based PSP improved glycemic outcomes 24 ; similarly, patients with type 2 diabetes who participated in two pharmacist-driven programs achieved better glycemic outcomes than those not receiving the intervention. 25 26 In a pilot DSMES program, participants experienced reduced healthcare resource use and costs. 27 Adherence and self-care improved significantly with a telephone-based intervention to improve care and clinical outcomes in type 2 diabetes. 28 Additionally, a diabetes management education program based in South Texas is expected to result in substantial clinical benefits and healthcare cost savings. 29 Finally, a structured multicomponent educational intervention program led to improved A1C, body weight, and cardiovascular outcomes. 30 The PSPs discussed above are heterogeneous and include both one-to-one and group-based educational engagements, regular refill reminders, online educational interventions, and mailed communications. It is known that patient education and regular reminders can improve treatment adherence and quality of care; however, individualized approaches to PSPs are lacking. The COACH Program incorporated the above features and additionally offers targeted diabetes management through the use of proactive emails and text messages, which enables greater patient scalability and can be adjusted to meet individualized patient needs. Additionally, the COACH Program can support and complement the efforts of healthcare professionals as they provide comprehensive diabetes care for an ever increasing number of patients with the disorder.
limitations Our study is subject to a number of limitations; individuals who chose to enroll and actively participate in the PSP may be different from non-enrollees in terms of characteristics that were not observable in the data but could be related to the outcomes assessed. The use of claims data to estimate both adherence and persistence as evidence of prescription filling does not constitute evidence that a medicine was taken correctly, or if it was taken at all. Data from claims databases are subject to inaccuracies introduced through coding errors and other input errors made at study sites. Despite the use of direct matching and regression analysis to control for differences in baseline factors between cohorts, this observational retrospective database study cannot infer causality, and due to the continued presence of differences between groups, potential residual confounding may still exist. The database does not contain information on key clinical variables (including body weight and A1C levels) or on disease severity; these variables could not be controlled in the regression models. The analyses focused on patients who met pharmacy stability criteria, which may have resulted in the elimination of patients with different treatment patterns coincident with observation patterns. Although the study sample was drawn from a large data set, it may not be generalizable to other populations.
COnClusIOns
Participation in the COACH PSP was associated with a lower risk of Gla-300 discontinuation and improved adherence among patients with type 2 diabetes-benefits that may result in improved glycemic control. Similar results were observed among patients who were naive to basal insulin treatment and in those who switched from another basal insulin. Among COACH participants, a higher level of engagement was associated with a lower risk of Gla-300 discontinuation. Given that a lack of treatment adherence is a major risk factor for patients with type 2 diabetes not reaching their glycemic control goals in the real-world setting, PSPs like COACH may contribute to addressing unmet needs in this area.
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